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Sodium azide (NaN3) still remains a popular plant mutagen. In the present investigation, its effects on the cytogenetic changes were studied in
root tip cells of Trigonella foenum-graecum, which is an economically and medicinally important crop of India. Trigonella seeds were germinated
after treating with various concentrations of sodium azide (0.1, 0.2, 0.3, 0.4 and 0.5%) at 24±1 °C for 72 h and the cytogenetic changes evaluated.
The study revealed that sodium azide decreased the percentage seed germination, radicle length (at higher dose), mitotic index, and caused an
increase in the chromosomal aberrations in a dose-dependent manner. Altogether, the root tip cells of the sodium azide-treated Trigonella seeds
exhibited an increased incidence of chromosome stickiness, bridge formation, precocious separation and lagging chromosomes.
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Trigonella foenum-graecum, fenugreek and commonly
known in India as methi plant, is a dicotyledonous plant of
the Fabaceae, subfamily Paplinoideae. It is a self-pollinated
crop of short duration and multipurpose (vegetative, condiment,
manure and medicinal) cash crop of India (Fazli and Hardman,
1968). Induced mutations have played an important role in the
genetic improvement of cultivated plants by producing
genotypes with higher yield (Maluszynski et al., 1955), altered
flowering, disease resistance and maturation characteristics
(Wenzel, 1985).
The effect of several physical and chemical mutagens on
morphological characters in Trigonella species are reported by
Raghuvanshi and Singh (1974) etc. However, there is not much
information on the cytogenetic changes induced by sodium
azide in the methi plant. Keeping this in mind, we studied the
effect of sodium azide at different concentrations on the mitotic
index, chromosomal aberrations and seed germination in
T. foenum-graecum.⁎ Corresponding author. Tel.: +91 98381 66518; fax: +91 510 2320761.
E-mail address: guddank@rediffmail.com (S. Siddiqui).
0254-6299/$ - see front matter © 2007 SAAB. Published by Elsevier B.V. All righ
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2.1. Procurement of seeds and chemical
Seeds of T. foenum-graecum var. Desi Methi were obtained
from the CSIR, Bhopal, M. P (India). Sodium azide was
obtained from Merck, India.
2.1.1. Sodium azide treatment
Healthy Trigonella seeds of uniform size were selected and
presoaked in distilled water for 12 h. The seeds were then soaked
separately in 150 ml solutions of 0.1, 0.2, 0.3, 0.4 and 0.5 NaN3
for 6 h. Control groups were soaked in double distilled water.
During the treatment period, the containers were shaken
frequently in order to provide sufficient aeration to the seeds.
After the treatment the seeds were thoroughly washed with
double distilled water. Seeds of various treatment groups were
placed in Petri dishes (ten seeds in each) on moistened pre-
sterilized cotton and kept in a plant growth cabinet for 72 h in
dark. The germination of the seeds was determined by observing
radicle formation. Root lengths of the germinated seeds were
measured with a millimeter ruler at every 24 h interval. The
entire experiment was repeated twice under similar conditions.ts reserved.
Table 2
Effect of sodium azide on the radicle length of Trigonella foenum-graecum
Concentration of
sodium azide (% )
Radicle length (cm)
24 h 48 h 72 h
0.0 0.24±0.020 0.56±0.021 0.88±0.07
0.1 0.56±0.023a 0.97±0.04a 0.90±0.06
0.2 0.97±0.020a 2.00±0.07a 1.25±0.07b
0.3 0.44±0.040a 1.25±0.09a 2.9±0.09a
0.4 0.33±0.025 0.69±0.05 3.0±0.12a
0.5 0.21±0.025 0.50±0.04 0.65±0.02
apb0.05; bpb0.001 compared to control.
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Root tips from the germinating seeds of different treatment
groups were processed for mitotic preparation as described by
Qian (1998). Briefly, root tips were cut and fixed in Carnoy's
fixative for 24 h, transferred in 70% alcohol and stored in a
refrigerator until use. Root tips were hydrolysed in 5 N HCl for
20min at room temperature and then stained in 2% acetocarmine
for 1 h. Chromosome spreads were made using the squash
technique as described by Savaskan and Toker (1991).
Microscopic examination: All slides were coded and
examined blind. Mitotic index and chromosomal aberrations
in metaphase and anaphase plates were studied using a light
microscope under oil immersion. From each slide, a minimum
of 500 cells were scored and the mitotic index was calculated.
Chromosomal aberrations such as chromosome fragments,
precocious separation, laggard chromosomes, sticky chromo-
somes and bridge formation were studied in a minimum of 50
metaphase or anaphase plates per slide.
2.2. Statistical analysis
All the data were analyzed using one way ANOVA test using
GPIS software (1.13) (Graphpad, California, USA).
3. Results
3.1. The effects of sodium azide on seed germination and
radicle length
In control group, about 78% of seeds germinated after 24 h
of incubation, which further increased to approximately 86% at
48 h. After 72 h of incubation about 92% of seeds were
germinated (Table 1). When the seeds were treated with lower
doses of sodium azide (0.1 and 0.2%), a marginally lower (non-
significant) percentage of seed germination was observed
compared to control groups. However, at and above a dose of
0.3%, sodium azide treatment resulted in a significant reduction
in percentage of seed germination compared to control in a
dose-dependent manner at all the time intervals. The lowest
germination percentage was observed in seeds treated with
0.5% sodium azide (about 56% at 24 h, 62% at 48 h and 67% at
72 h after the treatment).
In untreated seeds, the radicle length increased with increase
in time which was 0.88±0.07 at 72 h after the treatmentTable 1
Effect of sodium azide treatment on the seed germination of Trigonella foenum-
graecum
Concentration of
sodium azide (%)
Seed germination (%)
24h 48 h 72 h
0.0 77.40±0.33 85.55±0.88 91.11±0.66
0.1 76.76±0.88 84.43±0.68 91.10±0.33
0.2 74.43±0.88 82.20±0.33 90.00±0.57
0.3 66.00±0.15 a 70.0±1.15 a 75.53±0.88 a
0.4 61.00±0.15 a 68.0±1.15 a 74.15±0.84 a
0.5 55.0±0.88 a 61.10±0.88 a 66.6±0.57 a
a pb0.001 compared to control.(Table 2). At lower doses, sodium azide treatment resulted in a
significant increase in radicle length at 24 and 48 h in 0.1%
treated and 24, 48 and 72 h in 0.2% treated groups after the
treatment. Maximum root length was recorded in 0.2% sodium
azide-treated seeds after 24 h (0.97±0.02) and 48 h (2.00±
0.07). However, after 72 h, maximum root length was recorded
in 0.4% sodium azide-treated seeds (3.0±0.12). The lowest root
length (0.21±0.025 after 24 h, 0.50±0.04 after 48 h, and 0.65±
0.02 after 72 h) was observed in seeds treated with 0.5% sodium
azide. Furthermore, there was no statistically significant
difference between 0.4% and 0.5% sodium azide treatment
with respect to radicle length. However, the radicle lengths in
both these groups were significantly lower than control and the
rest of the sodium azide-treated seeds (Table 2).
3.2. Mitotic index
The control group exhibited a mitotic index of 18.2±0.53. At
the lowest dose of NaN3 the mitotic index was non-significantly
lower compared to the control. However, further increase in
sodium azide dose resulted in a decline in the mitotic index in a
dose-dependent manner (Fig. 1). In 0.2% sodium azide-treated
seeds mitotic index was significantly lower (pb0.05) than theFig. 1. Effect of sodium azide on the mitotic index of root tip cells of Trigonella
foenum-graecum.
Table 3
Effect of sodium azide on chromosomal aberrations (metaphase–anaphase) of Trigonella foenum-graecum
Concentration
of NaN3 (%)
Total no.
of
abnormal
cell in 500
Fragment Stickiness Precocious
separation
Single
bridge
Fragment+
bridge
Double
bridge
Laggard Chromosomal
aberration
Mean±SE Mean±SE Mean±SE Mean±SE Mean±SE Mean±SE Mean±SE Mean±SE
00 10 0.0±0.0 0.83±0.06 0.0±0.0 0.0±0.0 0.0±0.0 0.80±0.12 0.57±0.09 2.2±0.27
0.1 20 0.0±0.0 0.83±0.03 0.0±0.0 0.96±0.120a 1.56±0.03a 0.63±0.03 1.5±0.25c 5.48±0.46
0.2 30 0.0±0.0 1.7±0.120a 0.0±0.0 1.8±0.12a,b 1.9±0.06a 1.2±0.15a,c 1.36±0.08c 7.96±0.53a
0.3 51 0.0±0.0 1.56±0.08a 1.5±0.17a 1.46±0.15a 3.6±0.28a 1.73±0.09a,c 1.8±0.05a,b 11.65±0.82a,c
0.4 69 0.0±0.0 1.8±0.06a 1.9±0.06a,c 2.26±0.15a,b 4.16±0.09a 2.6±0.08a 2.03±0.14a 14.75±0.58a
0.5 88 1.9±0.58a 2.7±0.12a 2.9±0.06a 2.53±0.09a,b 2.56±0.12a,c 2.57±0.03a 2.66±0.14a,b 17.82±1.14a
apb0.001; cpb0.05; bpb0.01 compared to control.
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seeds treated with 0.5% sodium azide.
3.3. Effects of sodium azide on chromosomal aberration
The incidence of abnormal metaphase plates in control group
was 2%. The sodium azide treatment resulted in a dose-
dependent increase in the percentage of root tip cells with
abnormal metaphase (Table 3). Treating the seeds with 0.1%
sodium azide resulted in a two fold increase which increased
further with increase in sodium azide dose up to 0.4% above
which a sudden decrease was observed. Maximum incidence of
abnormal metaphase stages was recorded in 0.4% sodium azide-
treated group which was approximately 7 times higher than in
the control group (13.8%). At the maximum dose tested in the
present investigation, only 7.8% cells had abnormal metaphase
plates. Sodium azide treatment did not induce any chromosomal
fragments except at the highest dose tested (0.5% NaN3), in
which 2% fragments were observed. However, at all the doses
studied, increased incidence of stickiness, bridge formation
(single and double) and laggards were observed, which were
found to increase with an increase in dose. Precocious
separation of chromosomes was observed only in seeds treated
with doses above 0.3% sodium azide.
4. Discussion
The application of plant mutagens in improving the quality,
yield and economy of the plant is well characterized
(Maluszynski et al., 1955). Sodium azide is the most efficient
and commonly used plant mutagen at present.
The result of the present investigation suggests that sodium
azide delays and inhibits the germination of methi seeds at
higher doses. Several other mutagenic agents and heavy metals
have been shown to inhibit the seed germination (Seregin and
Kozhevnikova, 2006). Several factors such as oxygen concen-
tration, light, moisture level and incubation temperature are
known to have an influence on seed germination (Isabelle et al.,
2000). Azide anions are strong inhibitors of cytochrome
oxidase, which in turn inhibits oxidative phosphorylation. In
addition, it is a potent inhibitor of the proton pump (Kleinhofs
et al., 1978) and alters the mitochondrial membrane potential
(Zhang et al., 2000). These effects together may hamper ATP
biosynthesis resulting in decreased availability of ATP whichmay slow the germination rate and reduce the germination
percentage, which in the present investigation was observed at
higher dose of sodium azide. Similar effects of NaN3 on seed
germination of Arabidopsis thaliana (Gichner and Veleminsky,
1977), rice (Awan et al., 1980) and barley (Hasegawa and Inoue,
1984) have been demonstrated by earlier studies.
A significant increase in the radicle length was observed at
lower doses of sodium azide compared to control and higher
doses of sodium azide at 24 and 48 h intervals. However, at
0.3% concentration, the radicle length was significantly higher
even at 72 h. The increase in radicle length is usually correlated
with cell proliferation. However, in the present investigation
even at lower doses sodium azide had an inhibitory action on
cell proliferation as indicated by results of mitotic index, which
makes it difficult to explain the exact mechanism behind this
phenomenon. It may be due to alteration in the expression of
certain genes. The significant decrease in the radicle length
observed at higher doses may be related to its inhibitory effect
on cell proliferation. The inhibitory effects on DNA synthesis
and cell division have been demonstrated in animal cells (Ciesla
et al., 1974).
The mitotic index is a reliable predictor of cell proliferation
in the tissue. In the present study the treatment of methi seeds
induced a dose-dependent decline in mitotic index. A similar
observation of sodium azide on Hordeum vulgare seeds was
made by Pearson et al. (1975) and Ilbas et al. (2005). In the
present investigation, at the highest dose used a 50% reduction
in mitotic cells was observed which clearly indicates the
inhibitory effect of sodium azide on the cell cycle. The ATP
demand of a dividing cell is much higher compared to a non-
proliferating cell. The ATP deficiency caused by sodium azide
may be one of the reasons for the decrease in the mitotic index.
Sodium azide is found to decrease the cellular calmodulin level
(Osborn and Weber, 1980), which is a calcium binding protein
for signal transduction and cell division.
Sodium azide is known to induce base substitution by
nucleotide transition (AT–GC) as observed in barley plant
(Olsen et al., 1993). However sodium azide is a very poor
inducer of chromosomal aberrations (Kleinhofs et al., 1978)
which is also evident from the present investigation. At lower
doses we did not observe any significant change in the
aberrations up to a dose of 0.4%. But when the seeds are
treated with 0.5% sodium azide, a significant increase in chro-
mosomal fragments was observed. Velemisky et al. (1977) have
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in DNA single strand breaks in barley non-germinating embryos
and at sub-lethal doses low frequency of chromatid breaks and
translocations in root tip mitotic cells.
Few earlier studies have shown that sodium azide induces
chromosomal aberrations in barley (Sideris et al., 1973;
Veleminsky and Anglis, 1987). The most predominant aberra-
tions induced by sodium azide were translocations, lagging
chromosome, bridges and sticky chromosomes. Chromosome
stickiness arises from improper folding of the chromosomes into
single chromatids and chromosomes as a result of which
chromatin fibers intermingle and chromosomes become attached
to each other by means of subchromatid bridges (Klasterskii
et al., 1976). In the present investigation, the NaN3 treatment
produced a significant amount of chromosome stickiness in root
tip cells with a parallel increase in bridge formation and preco-
cious separation. Several pesticides with mutagenic activity
have been shown to induce such changes in the chromosomes of
plant cells (Amer and Ali, 1969, 1974). The incidence of lagging
chromosomes also increased with increase in sodium azide dose.
The spindle fiber organization and movement during the cell
division is ATP dependent process. Due to the reduced synthesis
and availability of ATP, the spindle fiber organization in sodium
azide-treated root tip cells may get affected which in turn may
affect the organization of chromosomes at the metaphase plate
and migration of chromosomes towards the respective poles
during anaphase. The deformity in spindle formation and
chromosome segregation during mitosis will result in chromo-
somal aberrations like lagging chromosome, sticky chromo-
somes and bridge formation. In conclusion, the mutagenic agent
sodium azide decreases the germination percentage and
increases the chromosomal aberrations in root tip mitotic cells
of methi plant in a dose-dependent manner.
Acknowledgments
The authors are grateful to Mr Z. Shah and Prof S. Nasir Ali,
Saifia Education Society, Bhopal, India, for providing the
necessary laboratory facilities. Thanks are also due to Dr S.S.
Khan, Head, Department of Microbiology, Saifia Science PG
College, Bhopal, and Dr Guruprasad K, Division of Reproduc-
tiveMedicine, KMC,Manipal for their constant encouragement.
References
Amer, S.M., Ali, E.M., 1969. Cytological effects of pesticides. IV. Mitotic
effects of some phenols. Cytologia 34, 1.
Amer, S.M., Ali, E.M., 1974. Cytological effects of pesticides. V. Effects of
some herbicides on Vicia faba. Cytologia 39, 633.Edited by CH BornmanAwan, M.A., Konzak, C.F., Rutger, J.N., Nilan, R.A., 1980. Mutagenic effects
of sodium azide in rice. Crop Science 20, 663.
Ciesla, Z., Mardarowicz, K., Klopotowski, T., 1974. Inhibition of DNA
synthesis and cell division in Salmonella typhimurium by azide. Molecular
and General Genetics 135, 339–348.
Fazli, F.R.Y., Hardman, R., 1968. The spice, fenugreek (Trigonella foenum-
graecum). Its commercial var. of seed as a source of diosgenin. Tropical
Science 10, 66–78.
Gichner, T., Veleminsky, J., 1977. The very low mutagenic activity of sodium
azide in Arabidopsis thaliana. Biologia Plantarum 19, 153–155.
Hasegawa, H., Inoue,M., 1984. Influence of temperature during and after sodium
azide treatment on M1 damage and M2 chlorophyll mutation in barley
(Hordeum vulgare L.). Environment and Experimental Botany 24, 3–7.
Ilbas, A.I., Eroglu, Y., Eroglu, H.E., 2005. Effect of the application of different
concentrations of SA for different times on the morphological and
cytogenetic characteristics of Barley (Hordeum vulgare L.) seedling. Acta
Botanica Sinica 47, 1101–1106.
Isabelle, D., Leon-Kloosterziel, K.M., Koomneel, M., 2000. Influence of the
testa on seed dormancy, germination, and longevity in Arabidopsis. Plant
Physiology 122, 403–413.
Klasterskii, I., Natarajan, A.T., Ramel, C., 1976. An interpretation of the origin
of subchromatid aberrations and chromosome stickiness as a category of
chromatid aberrations. Hereditas 83, 153.
Kleinhofs, A., Owais, W.M., Nilan, R.A., 1978. Azide. Mutation Research 55,
165–195.
Maluszynski, M., Ahloowalia, B.S., Sigurbjörnsson, B., 1955. Application of in
vivo and in vitro mutation techniques for crop improvement. Euphytica 85,
303–315.
Olsen, O., Wang, X., Wettstein, D.V., 1993. Sodium azide mutagenesis:
preferential generation of A.T–G.C transitions in the barley Ant18 gene.
Proceedings of National Academy of Science, USA, 90, 8043–8047.
Osborn, M., Weber, K., 1980. Damaged cellular function by trifluoperazine, a
calmodulin specific drug. Experimental Cell Research 130, 484–489.
Pearson, W., Nilan, R.A., Sander, C., 1975. The effect of sodium azide on cell
processes in the embryonic barley shoot. Radiation Botany 15, 315–322.
Qian, X.W., 1998. Improvement on experiment method of micronucleus in root
tip cell of Vicia faba. Journal of Wenzhou Normal College 19, 64–65.
Raghuvanshi, S.S., Singh, A.K., 1974. Studies on the effect of gamma rays on
Trigonella foenum-graecum L. Cytologia 39, 475–482.
Savaskan, C., Toker, M.C., 1991. The effects of various doses gamma irradiation
on the seed germination and root tips chromosomes of rye (Secales cereals L.).
Turkish Journal of Botany 15, 349–359.
Seregin, V., Kozhevnikova, A.D., 2006. Physiological role of nickel and its toxic
effects on higher plants. Russian Journal of Plant Physiology 53, 257–277.
Sideris, E.G., Nilan, R.A., Bogyo, T.P., 1973. Differential effect of SA on the
frequency of radiation induced chlorophyll mutation in Hardeum vulgare.
Radiation Botany 13, 315–322.
Veleminsky, J., Anglis, K.J., 1987. Effect of sodium azide on replicative and
repair DNA synthesis in barley embryo. Mutation Research 190, 125–129.
Veleminsky, J., Gichner, T., Pokorny, V., 1977. Induction of DNA single-strand
breaks in barley by sodium azide applied at pH 3. Mutation Research 42,
65–70.
Wenzel, G., 1985. Strategies in unconventional breeding for disease resistance.
Annual Review of Phytopathology 23, 149–172.
Zhang, L., Li, L., Ban, L., An, W., Liu, S., Li, X., Xue, B., Xu, Y., 2000. Effect
of sodium azide on mitochondrial membrane potential in SH-SY5Y human
neuroblastoma cells. Zhongguo Yi Xue Ke Xue Yuan Xue Bao 22, 436–439.
